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CASE REPORT

Echocardiographic features of indirect Gerbode defect in a cat
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Abstract: This report describes the echocardiographic features of an indirect Gerbode defect in a young cat. Echocardiography
revealed high-velocity, turbulent systolic flow directed from left ventricle to right ventricle through a ventricular septal defect. The
flow immediately entered the right atrium through a tricuspid septal leaflet. The indirect-type Gerbode defect was confirmed through
necropsy. When a high-velocity turbulent flow in the RA without pulmonary hypertension is observed on echocardiography, Gerbode
defect should be considered. 
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Gerbode defect is a rare type of ventricular septal defect that results in com-

munication between the left ventricle (LV) and the right atrium (RA). Because

the tricuspid valve (TV) attaches to the membranous septum more apically

than that of the mitral valve, a congenital defect involving the atrioventricular

portion of interventricular septum can cause an abnormal communication

between the LV and RA [1,2]. The TV malformation, such as a perforation,

cleft, widened commissural space, or abnormal chordae, when accompanied

by a ventricular septal defect (VSD), also permits the LV to communicate

with the RA [1]. This report describes the first case of an indirect Gerbode

defect in a young cat.

A 5-month-old, intact female, Korean short-haired cat weighing 1.4 kg pre-

sented with depression, anorexia, and dyspnea for 3 days. Cardiac ausculta-

tion was difficult because of tachypnea. One month prior, the cat was

involved in a traffic accident, but its vital signs were within the normal range

including a normal heart sound. 

Thoracic radiography revealed mild cardiomegaly (vertebral heart score:

8.4; reference range: 6.7–8.1) with bilateral atrial dilation and widening of the

cranial mediastinum (Fig. 1). Although there was no distinct pulmonary infil-

tration on radiography, tachypnea was slightly improved and cardiomegaly

and cranial mediastinal widening disappeared after intravenous infusion of

furosemide (Lasix, Handok Pharm, Korea) at 0.4 mL/kg/h for 36 h. Systolic

blood pressure was 95 mmHg. 

On echocardiography, the RA and right ventricle (RV) were markedly

dilated (Fig. 2). A turbulent jet from the base of the tricuspid septal leaflet and

not between the TVs flowed into the RA (Fig. 3). Close observation revealed

that the turbulent jet initially flowed from the LV to the RV through the upper

membranous septum and then it immediately flowed into the RA through the

tricuspid septal leaflet. The velocity of the turbulent flow was 3.77 m/sec and

the pressure gradient was estimated to be 57 mmHg. There was no evidence

of pulmonary hypertension including RV hypertrophy, pulmonary insuffi-

ciency, or dilated pulmonary artery. The flow velocities and Doppler profile of

the pulmonary arterial flow were normal. Interventricular septum flattening or

paradoxical movement was not detected. LV to RA communication accompa-

nied by a TV defect was tentatively diagnosed. The cat was monitored with-

out medication at the owner's request because clinical signs had disappeared.
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Two months later, the cat died after exhibiting neurologic

signs such as depression, hyperexcitability, and tremor. On

necropsy, a membranous interventricular septum originating

in the LV outflow tract just proximal to the aortic valve and a

hole in the tricuspid septal leaflet were observed (Fig. 4). The

diagnosis was confirmed as indirect-type (type 2) Gerbode

defect.

In indirect-type Gerbode defect, blood flows from the LV

through the VSD into the RV and then through a defect in the

TV into the RA [1]. A Gerbode defect can occur congeni-

tally or secondary to trauma, infective endocarditis, and other

effects [1]. In humans, most indirect-type Gerbode defects

are congenital defects [1]. Depending on the anatomical loca-

tion of the shunt, Gerbode defect is classified into one of

three types. Type 1 is a supravalvular defect, which occurs in

the atrioventricular septum and forms between the LV and

RA. Type 2 is an infravalvular defect that occurs between the

ventricles. Type 3, an intermediate defect, combines both

supravalvular and infravalvular defects. In humans, the type

1 defect is more likely to be acquired while types 2 and 3 are

usually congenital [1,3]. 

In two dogs, Gerbode defects have been reported second-

ary to infective endocarditis and, in another two dogs, sec-

ondary to trauma [4-7]. All occurrences were classified as

type 1 and direct. Our case is the first report of Gerbode

defect in a cat, particularly an indirect type 2 defect accom-

panying a TV perforation. The etiology in this cat could not

be clearly identified. The cat had a history of trauma, but was

Fig. 1. Right lateral (A) and ventrodorsal (B) radiographs

revealed cardiomegaly with bilateral atrial dilation and uniform

cranial mediastinal widening.

Fig. 2. Right long axis view (A) and right short axis (B) echo-

cardiographic views. RA and RV are markedly dilated. TV

shows normal morphology and position in systole (B).

LA, left atrium; LV, left ventricle; RA, right atrium; RV, right

ventricle.

Fig. 3. Color-Doppler (A and B) and spectral-Doppler (C) echocardiography images; right short axis view (A), left cranial long axis

view (B), and left apical long axis view (C). There was systolic eccentric turbulent flow in the RA (A and B). The turbulent flow was

directed from the LV to the RV through the upper membranous septum and then it immediately flowed into the RA through the tri-

cuspid septal leaflet. Shunt flow velocity was 3.77 m/sec and the pressure gradient was 57 mmHg (D).

Ao, aorta; LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.

Fig. 4. Necropsy findings; LV (A) and RV (B) in the study cat.

There was a tract communicating between the LV and the RV,

through the membranous ventricular septum (asterisk). There

was also a perforation in the tricuspid septal leaflet (arrow).

Ao, aorta; LV, left ventricle; RV, right ventricle.
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asymptomatic for one month after the accident, unlike the

previous two dogs that showed clinical signs within a few

days of the trauma [4,5]. Another possible cause of a Ger-

bode defect, endocarditis, was not suspected in this cat

because there was no vegetative valve change detected on

echocardiography and no fever, although blood culture was

not performed. 

In this case, a tricuspid defect was suspected based on the

direction of the shunt flow but the tricuspid defect could not

be assessed due to the limitation of the cardiac window in

conventional echocardiography. Although transesophageal

echocardiography is more sensitive in detecting a tricuspid

defect than transthoracic echocardiography, there is limited

availability of this modality. In an indirect Gerbode defect,

the VSD is located at a perimembranous area near the atrio-

ventricular valves [8]. Therefore, turbulence generated from

the VSD can be indistinguishable from the turbulent flow

from the TV defect because the distance between the two tur-

bulence is too short. If only turbulent flow around the TV is

obvious it can be confused with tricuspid regurgitation (TR).

Moreover, the turbulent flows in both diseases develop in the

systolic phase and induce RA and RV enlargements. Based

on a typical finding for the origin of the turbulent flow from

the perimembranous septum rather than between the TV leaf-

lets, Gerbode defect presence can be suspected [1]. How-

ever, in some cases, it can be difficult to differentiate between

Gerbode defect and TR based on the direction of flow [9]. In

that case, a comprehensive assessment of right-side cardiac

changes may be helpful. Gerbode defects typically have very

high velocities due to the high-pressure gradient between LV

and RA. Thus, if Gerbode defect is confused with TR, pul-

monary hypertension may be misdiagnosed. Gerbode defect

should be considered when the case exhibits a high-velocity

turbulent flow in the RA but is not accompanied by any evi-

dence of pulmonary hypertension such as RV wall hypertrophy,

pulmonary regurgitation, and pulmonary arterial enlargement.

The presence and severity of symptoms and the need for

Gerbode defect treatment depend on the magnitude of the

shunt, concomitant anatomical abnormalities, and comorbidi-

ties [1]. Over 25% of the congenital defects and 21% of the

acquired defects in human patients were asymptomatic due to

the small shunt volume [1,8]. Such asymptomatic patients

can be monitored rather than undergo surgery [10]. 

Herein, the echocardiographic features of a Gerbode defect

were described in the first case of an indirect type involving

perimembranous VSD and TV perforation in a cat. When a

high-velocity turbulent flow in the RA without pulmonary

hypertension is observed on echocardiography, Gerbode defect

presence should be considered. Careful assessment of origin,

direction, and timing of the shunt flow can help in differenti-

ating Gerbode defect from other conditions including TR. 
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